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The Prorress in the Studv of Semiconductor Materials (2)

Hsu Chen-chia

3. Other Semiconductor Materials
There are some other areas from which semiconductor materials can
be found and to which the materails can be applied. They are solid
solutions of Group 111-V and Group 11-VI compounds; heteroreneous junction
of chemical compoundsj various ternmary and higher compounds; and amorphous

semiconductor,

By the rules concluded in crystal chemistry, and according to the
tendency of periodic table change, a creat amount of semiconductor ternary
and hirher compounds can be made, such as A'BWCY', A"BYCYs:: [ Amono these
compounds, ZaSiP;, CdGaAs,  have arrested people's attention because they
show characteristics which bear resemblance to those of Croup 111-V compounds,
On the other hand, by combining binary compounds which have become well
known, it can produce numerous semiconductor polynary compounds, such as
(111-v)-(11-v1), (111-V)=(11 1V Vg), (111-v)-(1 112 V5). This kind of work
was very active in the middle 1950's, but, except for some theoretiecal
exploration, the prospect of application is not clear, Here is no attempt to

make any further discussion,

1, GaAs)_yP, is a solid solution which has developed very rapidly in
recent vears, As ind’ecated in Table 5, this material can be used to make
8n1id disit display tube. DBecause of the use for model display in computers,
the production of this lighteemittine article by some countries is annually

more than 4 x 10 nieces. GaAsy_,Py is orepared m2inlv by using vapor




——

phose epitexy method, such as using Ga/AsH./PH,/HCY/ W, or Ga/AsCl, (0T1PClL )/ Asit,
(or pHy)/H, and GaAs as substrate, It is e=sy using this method to resulate
the components and thereby to have variousﬁiiggto{ength. It 4g rood for
bulk production. After being mixed with N,, the material can produce 5890k
yellow light. There is also a lot of Gaj.xAl.As. To prepare this material
is to use liruid phase epitaxy method, when x = 0,38, it ecan produceé,éOOK

red light,

In recent years, quite few people work on such solid solutions as
10,Gay—sAs, InAs,P =y, In,GamAs,Pi—, mainly because these materials can be used to
make nerative electronic affinity photoelectric anode., Of such anode, the
photoelectricity is hichly sensitive, and dark current is small, After the
component of this solid solution is regulated, it can be used to design

spectral characterigtics. But there is still a number of problems to be

solved, such as how to use this material to make photoelectric anode

penetration pattern; how to make curve focusing plane which the photoelectric

anode is used to use; how to ret a larce seale material of several tens of
square om; and how to continuously cover the CsO layer wakbews havine to
break away from vacuum. So the anode of -this kind is still at the stage of

being studied and its future development is quite promising,

Of Group 11-V1 compound solid solution that which has been studies
the most 1s TeCd Hrj.x,. It is very use™ul infrared rrobe material, and it
can be used to make eicen probe of 8-1/ micron (atmosphere transparent
window). Currently the study mainly covers crystal of 0.15 < x < 0.40 PR s -

addition, ZnSe.Te._.(0.6 =2x=0.1 ), Zn,Cd,-,Te (l < 0'4)‘ MR-CJ._.Tc(x < 04) have
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also been studied. They are also materials used to make infrared probes,

2. The boundary where two different kinds of semiconductors are bended
torether is enlled heterogeneous junction, If the two semiconductors are
called .co o Ze i Co

th n type (or p *vpe), the boundary isdestwpe hetéroreneous junction,
I7 the tynes of electric conduction of two semiconductors are opposite to
each other, the boundary is called opposing type heterogeneous junction,
Such ideas were advanced twenty vears ago, and because of *“heir recent caining
in practical application, they have caught great attention, A single
heterorenecous iunction (nGaAs-PGaAs-PGa,_.Al,As) laser can make the density of
threshold current at room temperature several derrees lower ‘han homegeneous
junction, and  double heteroreneous junction (MGa-sALAs-PGaAs=PGai_sAlAs)
lasers at room temperature continuously interfer each other, Wow the scope

of study on heteroreneous junction has greatlly been expanded,

The main condition under which the heteroreneous junction can srow
well is the match of erystal lattice, Table 6 rives the data of the commonly
well known materials, When the crystal lattice of two sets of materials
does not match, a polyboundary plane will be formed at the boundary, and
the property of heteroreneous junction w'll therefore become low, The crystal
lattice constant dicference of GaAs and Ge is 0.5%, and it is a heteroceneous
junction which has been successfully studied. The crvstal lattice constant
difference of GaAs and AlAs is 0.14%, so the heteroreneous jnuction of
Gay -, ALAs=GaAs is also a successful one, For solid solution, by regulating
the components, it cahTﬁﬁg erystal lattice constant unmatchedness the

minimum, For instance, the crvstal lattice constant unmatchedness of GaAs-GaP




is 3.6%, but in GeAs, P, ,, it can be rerulated into 1,4%, This is the
matorial used in light-emitting diode. The hetero~eneous junction materials

which are widely under study at the present time includes’ GaAs=CaAs,-,P;, GaP~
Ga—ALAs, Ge=Si, Gul’=31, ZnSe-ZnTe, GaAs—ZnSe, (@® InSe), InAs—.P.~InAs (o}InP), Ga,-,
lo,As=Gads, Gal-lnGaP oy oontents of these studies are mainly the
semiconductor fundamental physical phenonmena, which can be classified into
two aspects: transport process and photoelectric nature, Of transport
process, it studies the characteristics of vélt-ampere under the nressure
of positive and reverse voltare, and discovers that the e#ectric currents
are of two parts: one is affected by temperature and the other is not, Of

the photoelectric nature, it explores the photoeclectrie process of isotyre

as well as opposing type heterreneous junction, and the impact of boundary

Table 6 Data of Crystnl Lattice Match of Materils

|Crystal : !
< Metsal Series | Crvst,lattice |lattice Melting Forbidden band
ok _Constant A Qonst.diq?, voint (°C) [width (eV)300°K
A B A B aa, % A B A H
Ge GaAs 5.6575 5.653 0.5 937 1248 0.663 1.43
9 Gap 5.4307 5.45) 2 1415 1408 1,120 2.26
Ale Gap 5.451 5.451 <0.0) 2550 1463 2.4 2.26
Alsb Alp 6.135 5.451 11.8 1050 2550 1.65 2.4
Alsb AlAs 6.145 5.661 » 1050 1740 1.65 2,16
Al  AlAs 5.45) 5.66l 3.8 2550 1740 2.4 2.16
AlAs GaAs 5.661 5.653 0.14 1740 1238 2.16 1.43
AlAs InAs 5.661 6.037 6.7 1740 937 2.16 0.33
Alsh nsb 6.135 6.479 4.7 1050 530 1.65 0.17
Alr Ink 5.451 6.057 10.5 2550 1070 2.6 0,34
tnst Gasb 6.479 £.095 6.1 540 n 0.1? 0.73
InAe GaAs 6.058 5.653 6.9 937 1238 0.35 1.43
Inp Gap 5.869 $.451 7.3 1070 1405 1.34 2,26
InAs Inp 6.057 5.870 3.2 v47 1070 0.36 1.34
InAs InSb 6.057 6,479 6.8 937 530 0.35 0.17
InSh Inp 6.479 S.806Y 10 $30 1070 0.17 1.34
Gars Gap 5.653 5.451 3.6 1248 1463 1.43 2.26
GaAt ZnSe 5.093 5.6087 1.5 1238 1515 1.43 © 3.6
Gasb AlSb 6.095 6.135 0.65 712 1050 0.23 1.65
Gasb GaAs 6.095 5,654 7.5 712 1238 0.73 1.43
Gash Gap 6.095 5.451 1.1 712 1468 0.73 2.26
A
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plane on the photoelectric effect, But because of the lack of understanding

of boundary plane, the study in this respect is till at the beginning stage,

and the prospect of application is not clear.

Because of the consideration of the techniques in integsrated circuit
and optieal intesration, recently there have been quite few studies on the
subiect of compound epitaxy on insulated substrate. The general situation
is indicated in Table 7.

Table 7 The General Situation of Compound
Semiconductor letero~eneous Epitaxy

. g ) r*ow+h r"‘e LZpl-temp,Parallel, crvst.dir,
Commoumd | Substrate | ETechnique '_WEK/ H (©) denbsit/éubktrnth
chemical vapor S B
3¢ 111)/(0160),
AL,0, hose deposit ' =100 4700 §no35§. 12 .,3
chenical vapor | l
‘ MgALO, -
BAl, phase demosit | ! " R
; mole a) !
Cal, V)_H_cilr'e beam ! - l ~540 c=fC11L) 1
, GaA; R O IRl ! |
j . Thermal i ’
e decomposition | T ! % i
T\ Tthermal f e
ThO, decomposition | g = ' %
‘1iquid phase |
MgGe,0. en?tn:\'j’p o L5 S
heni anoY !
mon | ey | S | oo |
Serical vapor .
GaP MRALO. | e denosit goo0 | 700 (/i) i
lﬂou d epitoxy :
by ormat dehorn.; i e 77
-~
AlLO, hge?mal decomn. i e i
N " thermal
decomposition | 2 i 7
chemical vapor |
InAs, InP AlLO, r»h"se deposi+ | ~500 700—725 €111)/(0001)
! 1
: chemical vapor | _
Gay-yIn,As AlLO, I phase dspolit | 1000 ~700—755 (111)/¢0001)
GaAs,_,Px CVD(triply primf-
(xm0.120.6)] A0 ltivo Ga-A-u.—I:’H.) by R ’
GaAs,_Sby, | C7D(triply primi-
Ga=0.120.3) A hsge geA,—shit)| T 725
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3. There are areas in the study of semiconductor materials, which
caurht rreat attention in the very beginning, They are the so-called
nmarmetie  semiconductor, superconductive semiconductor and rare earth semi-
conductor, In the early 1950's, someone thoucht that marnetic semiconductor
was non-existent, But from the study of europium sulphide, it has been
found that this kind of ferromagmetic material clearly has the characteristics
of semiconductor, The materials include: EuO, EuS, EuSe; MnP; VO,; GeTe-MnTe;
CICrSy, Lotr Sy, In one material, there exish two basic phvsical features—-
macnetism and semiconduction, it is rather significant in theory as well as
in application, Same is the ease of superconductive semiconductor, such

as SrTiOy, Ge,—,Te (x > 0) ,

There is aother special semiconductor that is amorphous semiconductor.
The amorphous semiconductor materials, which have so far been known, are
of two major rroups: sulphide amorphous semiconductor and oxide semiconductor.

those

Sulphide series are.selected from among elements of Ge, Si, As, Te,Se, and
S, and by different ratio they are made into binary, ternary and hicher
compounds, such as As-S, As-Se series and As-Te-Ge series, The oxide series
are by di’ferent ratio made from BEOB,BaO, V>0 or B,0, Ca0, Cuy0. The main
characteristic of amorphous semiconductor is that the atoms (méﬁecule,ion)
will make no: more periodic and recular arrancement, and its good points
are that the techniques required for preparing it are simple; the effect
of the minmite amount impurity is not rreat; the integrity of articles made
6f it Tg hishj workine cost is low; n d ability of radiation resigtance is
stron=, The areas which have 50 far been exrlored for anplication: are

switeh and memory device., Of a switch, the switchine time 1s short but the




duration of relaxation is very lons, The structursl problem (heat or.
elecric’ty) is not clear, so the prospeet of application is not promising,
Applied to memory device, such as main read memory, the problems of
stability, reliab’lity and repeatability have not yet been satisfactorilv
solved, Others like photorraphic target, "latent imare" and photocrystal
used in holoeraph are all under study, In short, for making practical
application of amorphlous semiconductor possible, a lot of work in the area

of theory, phenomena analysis and technology has to be done.

l. Technolocy in Preparine of Semiconductor Materials
The technolory used in preparine semiconductor materials has been
neclected for it is sometimes mistaken as a kind of simple technique., In
fact, however, technolosy is an important:area. in the study of semiconductor

materials,

1, Nowadavs, o large or a medium integrated circuit in a factory is often
carrying on programs . of production to produce by a rate of several million
pleces ver month., So to produce silcon epi-sheet in great quantity has
become an important task. It includes isodiameter single crystal crowth;
production of silcon sheetss; thickness of the epi-sheets in larre quantitys;
strict control of concentration and distribution of impurity; and the
ruarantee of the epi-sheet crvstal perfection., It requires numerous tech=-
nolo-ical studies in order to solve those problems, So far it has been possible
to have silcon single crystal (isodiameter control, equal standing, [llﬂ
or (100] ) of 90% sold as silcon sheets, A uniform cutting , srinding and

selecting suitable physical parameter can therefore save manpower and cost

and can also promote guality and quantity., 0©Of +the epi-sheet of 10‘;hcron,

~




the thickness fluctuation can be controlled by 5%, but for the epi-sheet

of 2-3 micron, it is still difficult to control to the same derree. In

order to control thickness fluctuation, it must strictly control the
fluctuation of rrowth temperatire and the responsiveness to the concentration
of silconide (such as SiClA, Si”A) in the air, TFor achieving impurity

evenness, it must control the relationship between the state of air flow and

impurity conecentration,

As evervone knows that the perfection of material will creatlvy affect

the property of an article made of that material, In the past, however,

attention was larcely civen to the study of material perfeetion and overlooked

the defects caused by high temperature oxidation and latent diffusion in

the technolo~ical process of an article, That is the so-called secondary
defect, DNow, the perfect crystal article technology is that which combines
material technology and article technology, and emphasizes on overcoming
secondary defect. The technique of rsrinding and polishing sileon sheets, for
example, uses temnerature method to form smoonth epi-laver with definite
thickness and uses double adaptation method to avoid lattice distortion

caused by too much or too little impurity. All these techniques are good for

promoting property (such as lowering noise) and quality of articles,

2, As a result of the development of semiconductor mrticle .technology,

now it penerally requires a thin layer formed on the substrate, Silcon

epitaxy is a well known example., In fact, a thin layer as required by
technolocy can be a semiconductor, an insulator or a metal, and this thin
layer can serve as inductor and sometime as an insulator or both, Because

of the importance of such a thin layer in technological process, a technigue




is therefore hoped to be of good repeatability,

+ha

low cost so

as well a2s phys

it can be used to produce thin layer with

ical characteristics.

short

processing time and

20
j-de

efinite chemical

The chemical vapor phase deposit method

(cVD) is the technigue which has developed rapidly and received great

attention. The situation of its application to semiconductor can be seen in

Table 8., The chemical vapor phase deposit method is

to use vapor compound

or mixt re acting on a heated surface to form the thin layer as required.

This method is

less time and sometimes its

)

simpler than

temperature e¢an be lowered,

vocuum vaporization or snlashing, and it takes

As indiecated in

Table 8 Application of Chemical Vapor Phase
Deposit to Semiconductor Technology

Kind of film

Formation Method

Application

Sileon

crystal

1200%C
SiCl 4+ Hy ——— 8i 4 HCI Plane crystal tube i
si sincle SiH,Cl, 4+ H, — it SR + HCI Double-electrode inte-
crystal © 100 erated eireunit
Sitl, ~e———Si + I, 2
|
Si poly- . 700—900%C Sileon grid of MOS
SiHy - > §i 4 1],

integrated circuit

ulated ™lm

Al composite line protection film,

‘surface protection film,mlti-laver

y 350 —Sovx
SiH, 4+ 1LH40, ————"—— =8I0, +R,0,4 H,0

300300
SiH, + 0 — ————— = Si), 4+ H,
800—950 5 R aad o
e PTIOUP NP, oo $10,4CO+ 1,0 COI}Tp(?S.Lte Jine 1 sulatine 1 1m
700~8000 | Oxidized film corrosion coven
Si(OC,H,)e ~ -LSKL+CJh+lhﬂ‘ Ox'dized film corrosion coven
Phosphor o11fi~ — S : i
108 e 350--500°C [ face protection film -
Shte'Plans (FO)tir Pt bk s o di?rﬁsing s~urce 7 %

HT229EERY

"~ 800—930%T
8iH, 4+ Nil,--— »Si,N, 4 H,

Surface protection rilm
(MOS,DHD , beam lead)

Si,N,
i 1000°C Oxidati iffusi inc
8iC B e i si 3 ion diffusion coverin
- ol gt e ~iIm(isoplanar isplaﬁor?
. 850— 9500 Surface protection film of
0 . 11 ol L9 - ’ PTo ; . :
’5 ALO, AlC l":c°l+}‘| “m""‘-’“-‘mr‘: A|101+1|C|+C() M-os 'lntegr‘a'*eﬂ irenit
| . "AOCH,),y - = ALO+ G M4+ H, 0 Tsolating “11m of multi-laver
7'} composed 1ine
600-~800°C
: Ta(OC,H, ) 40y - —————3 1a,0,4 C,H,4+H,0
Qthetrs- : 600—800°%C Surface nrotection “ilm
Ti(OCH, )+ 0 — = T10, 4 CH, 4+ HO ¢
o . 600—700%C z
L~ Mo MoCl, 4 H, - e Mo + HCI {Musnmtal grid, multi-layer
T W WE, 4 Hy o W 4 1 sfss?.ui’,oaggdém?
! 9

e i -




Table 2,this . method has been used to produce polyervstal sileon and single
crystal silcon, Mo,W, Pt, SiBNA, BN, SiO,, Al;,ﬂ,_,y . In integrated circuit
techniques, such as buried laver, (p-n) junction isol=tion, collecting
electréde, emit-ing electrode and base electrode, are all completed through
impurity diffusion. Solid-solid diffusion is to use chemical vapor phase
deposit method first to deposit the impurity source (Asﬂq, PH;,%QHG) and

then to di“fuse them, As the deposition temperature is low, it is easier to |

control the surface concentration and the junction depth, and the eveness !
i
and repeatability are all good, too. The chemical vapor phase deposit %
|
method can also be applied to many other areas, so recently the study of i

this method spreads very rapidly.

PPN ———

3. The quality and ouantity of compound semiconductor are far_ less
satisfactory than those of element semiconductor, The main reason for this

fact ig that there still are many problems existing in the techniques used

for preparing semiconductor materials, In Table 9, there is a list of
some strong points and shortcomings of the methods used in nreparing semi- 1
conductor materials, The main di~ference between compound semiconductor

and element semiconductor is that the former has two or more components, so,

in addition to the degree of puritv, there is a problem of chemeial distri-
bution and proportion. It still has di““iculty to megsure accurately the
cheniecal proportion, except throurh some indirect study. In the case of

oallium arsenide, for example, throurh a study of various physical character-

e P STV NPT —

a @
istics of grsenic, some of its features dre found, At nirk melting point

(>1,200°C) an? under -reat dissociation pressure (=10 air pressure), the
’ Db ’

problem becomes even more serious, Taking GaP for example, in a single GaP,

1

the vacaney concentration of Ga or P is estimated above 10 Qcm"3. Next is

10




the stalaing problem of the reaction system ( including conta’ner and material

container) and compounds action, In the methods used for preparing GaAs,

there is a serious Si staining problem., The stain is the result of reaction of
Ga (or H,) against quartz, In Gads vapor phase enitaxy, someone tries to

~ g -
use Gq/AsCIB/Wq series and it is honeful to avoid Si stain, In short, only

some inventive work ecan bring a break throurh in this field.

Table 9 The Principal Methods of Preparinc Compound Semiconductor

Methods | Strong Points | Shortcomings
| technicue equipment is |small er—stal, ervstalization
Grow out of non-chemi~ simple (low temnerature rate low, lon~ processing
cal apportiored solu~- low pressure) rood cry- time, low production 4
tion stal perfection
: the stain on the mater- Complicated equipment, small
ial container is avoid- diameter single crvstal,

e e A P SRS

Crucible-free zone able difficult to use at high
melting temperature (3 1300°C) and |
under hich pressure ( » 2
atm, pressure)
simple equipment, staining material container,
Horizontal zone melting possible to have larse difficult to use at hich
(or directinal cry- sincle crvstal temperature( >1300°C) and
stalization) under hich pressure( > 2

atm.pressure),lon” proces-
sing time,hard to have
crvstal perfection
possible to have larre | complicated equipment,staining |
Pulled single crystal single crystal, hich | material container, poor
erystalization rate,can| erystal perfection l
be used at high temper-| !
ature, can grow under | !
!

high pressure, short

processing time

good crystal perfection, long processing time,low
|

high purity production, strict requirements
in technique, difficult to
Liquidus epitaxy | meke good surface and even
film, Some compounds cannot
use this method

sinple technique, high| di~ficult to control technique
Vapor phase epitaxy purity, high production condition, problems in per-
(thermal decomposition, | fection, homogeneity and
disproportionating | | repeatability }
reaction) (

dd,




5. The Characteristic Parameter Test and
Malysis of Semiconductor Materials

The characterist’c parameter test and analysis of semiconductor
material is an important aspect in the study of semiconductor materials,
These parameters include data relating cryvstal structure, components, defects,
and physical as well as chemical characteristics of the material to articles

made of these materials,

As a result of the development of the semiconductor article, the study
of the characteristics of the materials has chan~ed rreatly., The ceneral
tendency 1s that the study of semiconductor materials has changed into the
study of thin laver and surface; the study of even components and electricity
parameter develops into the study of uneven distribution of impurity and
various phvsical characteristics in the microregion; and the study of element
semiconductor develops into the study of compound semiconductor, which
includes chemical arportionment problems, In order to promote accuracy and
to save manpower and time, the whole field of testing has changed to use
electroniec computer, various automatic instruments and disit display equip-
ment, The parameter t@st for rencral use will not be discussed here except

for a few points which have been considered important.

1. The articles used widely now are mostlv made of epitaxial or other
thin layer materials, of'which the thickness rances about 10‘1--102 micron,
There are single layer and multi-layer, and heteroreneous and homogeneous
structires, but their quantity is not larre, Taking Si for example, one
square cm thin laver of 10 mieron weichs only about 2;3 x 10-3 srams, It
is very much different to examine impurity and its distribution in a thin

laver from examining semiconductor materials. Por solving such problems,there

12




Table 10 Some Thin Laver and Surface Microrerion Analivsis Methods

(1)

Ion beam or electron beam

Jon beam

Low enercy (0.5-5Q KeV)

Product after acting on
samples

scatterins ion

splaching ion

photon produ-
ced from ion
and atom

Names of analysis techni-
aues

back scattering
low enercy (I1-

Ion probe

photon produ-
ced from ion

2 KeV)
Minimum probe diameter o~ Irmm, (2-"0)micron o Irm,
Transvers recognition ratd =1/2mm, =~ Inieron ~1/2mm
Depth recornition rate 309 best, best
(% of total depth) 5=10% 5=10%

Sampline depth

(1-2)atom laver .

(1-5)atom lavenr(1-5)atom lavex

Conswmption of each samplel(1-4)atom laver

J’%gtom laver

>%gtnm laver

Destructive or not

yes

res

res

Analvsized element

all elements
excent lle,le

.
|
*
'

| all elements

Testing limit

Accuracy - 10% -
Sample necessary or not |  necessary necessary necessary
1
Accelerator necessary | *
or not not, not not

Remarks

S T

have heen some useful methods developed. The major ones are shown in Tahle

10,

Ion probe technique is to use ion source bambardment combining with

quality tester., It first uses ion beam emitting sample of 1-25 KeV and the

sa ple is splashed. Most of the materials in the form of neutral atom or

13




Table 10

Some Thin Larer and Surface Microrerion Analvsis Methods

(2) continued

Electron b Ion beam
t;. - £8 'Kee?m (0 s 3 MaV)
secondary X ray scatterine ion| X ray reactant
electron secondary ele- (B £,7)
ctron
Anger electron|electron back scatter- |X ray produced|nucleus
spectrum probe ing from ion beam |react on
(10-100)mieron| (N,2-1)micron 2 Imm, 2 1mmn, i 2 mm,
(20-50)micron | (1-2)micron 1 /omm, 2] /2rm, 27 /2mm,
best A !
5-10% linited ~200% | _limited 21008
(1-5)atom layet 100X-3micron (1-3)micran}1051;3micrnn (1-5)micron.
T #
negligible indigestion |negli~ible |neglicible if negligible
| Ino ion bombardment
not. g not, not 4 hot | not,
AT { A ¥ active Lo dout-| Z75 lactive to |

|
'
|

ble element

] . ';
| licht_element |

3x10~3-10~1 { 10<-10"ppm, (10—&_10—7) | laton laver] 1~-1000vpm,
atom laver 0,1| (0.1-1)atom aten Twver | (n.1-1)atom
at % laver (10-2at%) | laver
307 (1-10)% (3-20)% 108 (5-3)%
necessary ure element not '_ not.
e X i _|correction =
not not necessary necessary necessary

to do depth

analysis by cop-
bininc splashipg

techniaques

molecule are cut of” and a small part in the form of positive and nerative

ion is splashed out. To analysize these secondary ion in a quality tester,

there are two different methods: one is to scan the ion after focusing

(diameter can be 1-300 micron) on the sample, and the other is not using

scanning but the imare formation method.

The speed of splashing is very

slow (O.I-IOBX/ sec,) and it can be analysized laver after layver, One of the

1




—re

characteristics ig that it ean have an overall analysis beeanse the quality

tester has high sensitivity.

Aucer electron spectrum technique is to use electon bombardment sample
of 3-5 KeV to make spectrum analysis of the Auger electronenergy produced
by the bombardment. The diameter of electron beam is 25-100 micron (can be
10 micron),and the depth is 5-2OX. Thus it can be used to make surface
impurity analysis, This technique has been comprehensively used. If it is
combined with ion (1 KeV Art or Xe* ) source bambardment, it can have an

Aucer electron gnectrum of the loncitudinal impurity distribution,

Ton back scattering technicue is to use ion (such as proton, 4et) of
KeV or MeV enersv bumping with the elasticity of the surface atoms (blocking
effect) to produce characteristic enerry spectrum which indica‘es the mass
of the scattering center,Thus the components of the external atcms can
be known, Combining with splashing technicue, it can learn the conditions
of the lonritudinal impurity, This technique is not suitable to licht
element but it can be used to study impurity and defect position of ion
implantation layver, In addition, the X ray prodiced by art ‘1on bambardment,
can also be used to analysize sirface components.

For perfection analysis of ﬁhin layer or surface stricture, there have
been such instrume f:bgi’electro ic microscope, low and hich ernergv electron
diffraction and high pressure electronie microscope.All these instrume- ts
ean be used torether, The scanning electronic microscope can be usged to
make a scanning observation of the material surface, and its reneral

200 A,

o
recornition ability is~~1004, depth recornition rate can reacﬁzand its

amplifying miltiple is 20X - 2 IOQX. The high pressure electronic miernscove
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(1-3million volt) ecan nenetrate 3-7 times deerar than an ordinary electronic
microscove, sc it can be used directly to obsreve samples of only several
micron. As what is observed is close to the nature of semicondictor materials,
it can have the relationship between macroscopic property and mieroscopie
structure, A low enercy electron diffraction of 5=500 eV can be used %o

analysize the atomic structure of several lavers of the surface.

Accordine to the prineiple of X ray extraorodinary penetrat’on, and
us’'ng the so-called aprearance photograph technique, the defects of a piece
of semiconductor material can be disclosed., This method has been widely
used now, but it is not zood for conditions of high defect density'aﬂﬂ6cm'2,
and its exposure time is very long (~» 10 hours). If there is a synchrotron
accelerator X ray radiation, the magnifude of strencth can be nromoted to
3=6. It takes only a few second to take an apnearance pictire, The precision
test of crystal lattice constant is also a very useful technique. The ervstal
lattice constant that so far éan be tested by X ray interference technique

is 10'8,

2, Becase of the development of thin film material techniques, the
test of thickness of thin layer is a very important work, So far there hawe
been more than 20 di“ferent methods., The thickness of thin laver is related
to physical characteristies of the material, If the thickness is'tlﬂox y
the thin film can be considered discontinuous (island or hole); if the
thickness is =100% but¢=3000K, the electric parameters,such as electric
conductivity and Hall coefficiency, will be related to the thickness; and
ar it is:"BOOOX, the physical parameters will be eclose to the nature of

semiconductor material, So the test of physical characteristies is often
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carried out by a scale 2» 3“07x.

The method used most widelv to test thinkness is the nfrared reflection
method. This method is nondestructive and it e'n be used to fest Si “ilm
of more than 2 micron. But it can onlv test singple laver and 1t reaquires
that the resistivity of substrate (mieh ag 172 fhm.em)  and enitaxial laver -
( > 1 ohm.cm) must be dAifferent, Two rellection nlanes are parallel and
the thickness-fluctuation is < 1 mieron. F"or multi-laver structure, it uses
first angle lap stain and then interference stripe to determine the thickness,
the testing range is about 1 micron, There are round plate rolling method
and cylinderial rolling method. The rolling is used first and then the

standard staining method, and the testing range is ~ 1 micron., Elliptie

measurement method (infrared, visible 1lirht) is nondestructive, and it ean

be used to test the thickness of insulating layer, and the testing range
is about 10X, Generally speaking, thickness test must combine with real
situation, For instance, it is better to use ion isoabsorption peak value
to test the thickness of thin film of n = 101‘(%(cm)'3 GaAs, and the testing
rance is about 1071 micron, In short, to test thickness <1 micron is still

quite di“ficult,

3. Tor testing the electric characteristics of semiconductor thin

layer, such as resistivity, carrier concentration and longitudinal distri-
bution, and transferability, many useful techniques have been developed

in rece t years. Some of them ar shown in Table ;1.

Using probe to test resistivity, the interstice between probes is
generally larcer than 60N micron, This technique ean be used to heterorencous

epitaxial laver and isotype layer of which the epi-laver resistivity is much lower
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than that of substrate, The resistivity expanding method ean be used to

both isotype and heterogeneous epitaxial layers, and after angle lapping,
it can be used to test longitudinal distribution,Buat.this kind of method
always uses probe pressure and sometimes the thin laver is brolen by the

probe,

Table 11  Some of Epitaxial Layer Resistivity Testing Techniques

Testing method ’ istivity rnnwﬁ types of conduc-| accuracy

; (Agrrwer cm=3) tion . s
Schottky potential , ]
tarrier, C-V | 1013 20'° N/N + 10%
Diffusion junction, } 13 o
c-v 1 10 N/N or P/P t 10%
Epitaxial junction, | 2 “
cv ) 1013_ 10t /N or P/P | 2 0%
Four point probe 5 |

Wi gee | gsopm | 13

Spreading resistant - .
probe 1014 o 10 all * 10%
MOS electric capacity + 50%

1012 - 1016 a1l

The varicus (C-V) methods -use (electPic capacity <~ voltare) relation-
ship 4s foundation to examine carrier concentration and longitudinal
distribution, For GaAs, the secondarv harmonic method has been used to
register carrier longitudinal distribution, But, because the exhaustion layer
is limited only the vicinity of (p-n) junction, this method is onlv suitable
when carrier concentration is < lOl”cm'B, and it cannot be used for poly-

layer epitaxy.

first
Testing transferability of thin laver usuallv, uses supplementing sheet

to the hich resistant substrate and then the general testing method. But

for testing a very thin layer which is <« 1 micron, the problem is rather
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complicated, Due to the surface scattering caused by the surface electric
charce layer, the transferability is low, Of thin layer electric conduction
structure and var’ous surface e”fects, the theory has not vet become clear,

so the problem of testing method has not been solved,

4. The fluorescence (photoexcitation or electron excitation) technioue
is the method which is mature and widely used in recent vears. Through
fluorescence peak analysis, the data concerning impurity, defect enercy level,
surface homegeneity, single impurity (detect) center or compound center,

This method is nondestructive, simple and can be used to thin layer materials.
1% is no& mainly used in the compound semiconductor of illuminant articles ,
such as GaAs, GaP, Turther analysis, such as nonradiation compound action,

has not yet started,

Using far infrared excitation spectrum (PTIS) under low temperature to
study different kinds of impurity and their concentration in semiconduector
materials has developed very well in recent years, The instrument used in
this study is infaraed Michelson interferometer, It first ©inds out the
interference spectrum of lirht streneth and the movement of reflecting
mirrow AX . Then throush Fourier conversion, it has a Fourier conversdon
spectrum which is formed according to the frequency distribution, The
enercy range is usually within (0-15 MeV). Because this met od is to excite
the neutral donor (or acceptor) to a state of excitation, then using the
phonon in the erystal to excite the electron (or vaeancy) on the excited
donor (or acceptor) onto the conduction band (or valence band) and finally
using photoconductor to have the sirmal, the spectral line is therefore

narrow, the sirnal noise is loud (> 30) and the recornition rate and the
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sensitivity are hich, Under favorable conlitions, the concentration of low

3

" -
enercy level impurity can bhe analysized to 10 em -,

To study impurity distribution in crvstal lattice is an important and
significant work, From the infrared absorption spectrum analysis of a local
phonon, the impurity distribution in GaAs can be learned, such as silcon
1y

in callium (Siea (SRAcnrl)] or in arsenic [Sias (399em™ . From strencth

(SIG%) (Sias)
analvsis, the contént of impurity can also be estimated, But this method

can only be applied to heavy blending ( 2’101Rcm'3) and to impurity of small

mass and can form a local phonon, such as Li, B in Si and Si,C, Al, P,Li of
GaAs. Another method is using the channel ef”ect between ion (such as LQe+)
of ~1 MeV and solid action to analysize the distribution of impurity atoms in
ervstal lattice . This method is only suitable for the heavy elements (such
as As, Sb in Si) of hirh content (= lolgcm"B) or the Tluctuating atoms of

Si of/-19200m_3. It is easy to analysize the atoms of substituional
impurity, but the atoms of nonsubstitutional impurity is quite complicated.

So this method is mainly applied to the diffusing and ion implantation layers.

After the bombardment by the particle of —~ MeV, the sample itself is

possibly damaged by the radiation.

5. The analysis of characteristics of semiconductor materials is a
natural development of some deeper studies., From such studies, it ean find
out how to use these materials and how to imnrove the mass of the materials,
So the semiconductor material phys’ecs has beconie an important and broad
field of studg. The following is some of the directisns,which some of

current studies have concentrated on,
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The study of energy band structure is a fundamental subject in
semiconductor physics, The development as well as the application achieved
in this study is remarkable, In addition to the elements of Group IV, the
compounds of Group 111~V and Group 11-V1 and the solid solut'ons among them
have all been studied, The studv of Te energy band structure which is
much more complicated has also made considerable achievement, In laboratory
techniques, it has develoned the technique of how to modulate spectrum, and
enercy rance has become much higher, such as ultraviolet electron spectrum

(ups).

The studv of material transrorting process concentrates on problems
of strong electric field, hot electron movement and negative resistance of

body effect., There are also many projects of studying sound-electric effect.

In recent years, the study of electron-vacancy combined illuminatiop
in theory as well as in application has made marvelous advaicement, such
as GaP, which has indirect band, can emit light through exciton that is bound
by impurity. The work on heteroveneous jinuction has increased rreatly and
achieved some applications already. Accompanying the development of laser
technigues, the study of semiconductor materials has entered into a new

area, such as laser source Raman seattering,

Because the semiconductor articles have more and more concentrated on
the vicinity region of the surface, and, in fact, there have been many
surface effect articles,the study of surface has once again received rreat

attention recently, such as the relationship of Si surface condition with
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its inner condition; surface deposit matel of Si, GaAs and GaP; semiconductor

film; the semiconductor surface potential barrier rerion; the boundary

plane of $i-8i05; ang Si0, laver,

6 Conclusion
Those "as . have mentioned above are the broad and important areas in
the study of semiconductor materials and also concentrated points in the
recent studies. The work on semiconductor materilas in China has come out of
nothing, and in the 1950's, we achieved rreat advancement. In the 1960's,
we achieved ~urther development., Trom our experience, we have confidence

that in the very near future,we can catch up with advanced level in the world,
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